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AUTHORS: Vytvyte'kyy, P»Mo, and Leonov, MeYao, (L'viv) 


YITLEs : On the fracture of a plate having 4 crack 
PERIODICAL: Prykladna mekhanika, v- 7, noo d, 1961, 516 ~ 520 


TEXT: An infinite plate with a crack of length 2t (see Fig.) is 
under stresses, normal to the crack- Fracture occurs at the value 
oO of stress. It is assumed that the maximum normal stresses do 


Boe exceed a certain fixed value (the limit strength of the materi- 
. Snax < tsi (2) 


Hooke's law applies; if a stress-strain state occurs which does not 
comply with linear theory, nor with condition (1), then breaches 

(regions of weakened ponds) appear in the body; the effect of these 
breaches depends on the critical distance bore for an ideal brittle 


(amorphou®) body, be is found from 
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T being the surface energy of the material. For various materials, 
whose fracture accompanied by microplastic deformations, the 
quantity 5. can be experimentally determined. In the above model, 


the breaches always occur (notwithstanding very small Os ), hence 
the fracture (crack) is enlarged (see Fig.), and 


if /x/ <b; 


= (3) 
O41 b</x/< le 


Xy (xs + 0) = 0; Yy (x + 0) 


Tne length 2L of the enlarged fracture is unknown; it has to be 
determined in accordance with (1). This problem is solved by N.I. 
Muskhelishvili's method (Ref. 2: Nekotoryye osnovnyye zadachi mate- 
maticheskoy teorii uprugosti, AN SSSR, 1954). After computations, 
one sbtains 
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(os) 
L= tsec 201," (15) 


Formulas for the stresses in the plate are derived, in particular, 
on the real axis, for L «=: /x/<t 0, one obtains 


oe 4s V 7_f 
Yy = 00 — —arctg a ae ae 
--x?—x ae 
(17) 
20,15 1VEoR 
: X,= — zy aretg Poe xVP—L. a 


‘For the quantity 6, which denotes the distance traversed by the 
points (+ &, +0) and (+ +, -0) of opposite surfaces of the breach 
as a result of the deformation, one obtains 


(of 
_ . 8b per 
6 = - TE Cis in ccs 201 4° a ae) 
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By the adopted model, these opposite surfaces will no longer inter- 


act if 6 O39 hence the fracture increases. Thus, the critical 


stress 0... is such a value of 0, that 0 = 6 oy* Hence (18) yields 


15 
3 arceos exp (- Bro, oe (19) 
8 , 


For op Kp g? 


EO; 5° or 
cr xe 
For brittle materials, one obtains from (2) and (20) Griffith's 


a (20) 


formula: 


_ E 
Sor = Ve. (2) 


‘vor { —» 0, formula (21) yields infinitely large 9,3 this dtsad-'/ 
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vantage is not shared by formula (19) which yields (for € — 0), 
Cor — Org? i.e. the strength of plate with "zero" crack equals the 


strength of a faultless plate. Griffith's results are also unsuita- 
ble for very small cracks. Formulas (19) and (20) can also be used 
for fracture processes accompanied by microplastio deformations. 
Thereby, Fp g5 on (denoted by A) is the work expended on the forma~ 


tion of two surfaces of same area during the development of a 
breach. Hence formulas (19) and (20) are written 


= £ 0, arccos exp (- ee (22) 
8 


- \// # (0, << Op,) (23) 


Formula (22), proposed by Urowan, remains valid for any Apr even 
if Cor is of the same order as Cia? there are 1 figure and 5 refe- 
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_rences: 3 Soviet-bloc and 2 non-Soviet-bloc. The references to 
English-language publications read as follows: A.A. Griffith, Phe- 
nomena of rupture and flow in solids, Trans. Roy. Soc., A 221, Lon- 
don, 1920; E. Urowan, Energy criteria of fracture, Welding J., 
March 1955. 
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AUTHORS ; Vitvitskiy, P.E., and Leonov, M.Ya. 


bare por 
TITLE: Slip bands in the heterogeneous deformation of 
a plate 


SOURCE; Akademiya nauk Ukrayins'koyi RSR. Instytut 
mashynoznavstva i avtomatyky, L'viv. Voprosy mekhaniki 
real'nogo tverdogo tela. no. l. Kiev, 1902, 13-26. 


TEXT: The paper is a continuation of previous work 

(M.Ya. .eonov, N.Yu. Shvayko, zhurnal prikladnoy mexnaniki i 
tekhnicheskoy fiziki, no.2, 1961, P.M. Vitvitskiy, M.Ya. Leonov, 
DAN URSR, no.3, 1960. P.M. Vitvitskiy, M.Ya. Leonov, Frikladna 
mekhanika, v.7, no.5, 1961). The problem of the elasto-plastic 
deformation of a body may be reduced to the linearly elastic 
problem of a material containing a distribution of dislocations. 
In accordance with this concept, the plane stress state is 
‘investigated in a thin plate containing a slit or a circular hole 
and subjected to a stress system which at infinity becomes 

ty = p (tensile), x = xy = O. At a certain stress slip bands 
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develop; the Muskhelishvili stress functions appropriate to the 
region surrounding a circular hole are quoted, and the modified 
functions applicable in the presence of distributed dislocations 
are derived. The problem of the elasto-plastic deformation ot a 
plate with a slit involves determining the distribution of 

dislocations, and leads to an integral equation the solution of 
which gives the’conditions for the formation of slip bands. 

Initially, the slip bands are parallel with the slit, but later, 
bands develop which are inclined at an angle of about 50° to the 


slit; these findings agree with observations on soft steel plate. 
An analogous treatment is applied to a plate containing a hole. 

In this case a polynomial solution is found for the integral 
equation, and by limiting the number of terms in the polynomial 
the solution is evaluated approximately. 

There are 6 figures and 1 table, 


SUBMITTED: June 10, 1961 
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<< - 

TITLE’ "Extension beyond the elastic limit of a plate with circular 

opening 


PERIODICAL: Zhurnal prikladnoy mekhaniki i tekhnicheskoy fiziki, no» 1, 
1962, 109 - 417 


TEXT: Conditions are laid down under which the deformation of 4 pody 
beyond the elastic Limit can be studied with the linear elastic theory 

of the deformation of a body with linear dislocations distributed according 
to a certain law. The distribution of these dislocations and the 
dimensions of “#he region in which they occur are determined from the given 
forces of the imelastic bonds and from the condition of conservation of 
elasticity outtadde the inelastic deformations. On the basis of such @ 
model the stress in a thin 4nfinitely long plate with a circular opening 
(Fig. 1) subjected to forces p 18 studied. Stress and strain in the 
complex plane which result only from the load are determined by the 
functions , - : 
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care pole) | wens t a) (1.4). 


That part of the stress produced by the dislocations is determined in such 
at in the regions of inelastic Lateeee the eum of the stresses 
produced, thy P a those produced DY by | fulfills the 


bake Lier ; ee % We (a 0) i (zt, 0): = vd =gonst g (4 -3) . a 


Sone auxtliery “problems about Linear 4n ‘the plane that are 
necessary ae the present ?P a with reference to 4 
paper by Ne - . Muskhelishvili (Nekoto dachi matematicheskoy 
teoril Zpraeostly Izd-vo_ AN SSSR, 19 1954)+ | equation 


Ra - aye ft 
oc on mete = Be aT (t) dt = 
pot bes Re 
oe, abled a+ ht 3 )aR<ki<4 (3.2) 
for the ceuatty p(t) of the dislocation distribution is solved in the 


variables 
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AUTHORS: Vy tvyts' kyy, P. M. and Leonov, M. Ya. 


TITLE: Brittle fracture of plate with Circular hole 


PERIODICAL: Akademiya nauk UkrRSR. Dopovidi. no, 2, 1962, 174-478 
TEXT: An infinite plate with a circular hole of radius R is sub- 
jected to stresses which create (at infinity) the uni-axial stree. 
8eS state =p, x = X%? = 
the plate corresponds to the Simplified Model of a brittle body 
(Ref. 1: M. Ya. Leonov, Inform. byull., no. 1, VINITI AS ssspr, 
1960, p. 16), According to this model, at first, cracks appear, 
whose sides are attracted towards each other ag long as the distar.. 
ce between them does not exceed a certain value § ( 
dered as a constant of the material); when this dis 


occurs; the corresponding load is called critical, The component y 
of the displacements, normal to the cracks, has a q 
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A(x). The discontinuities are related to linear dislocations. Mus- 
khelishvili's function for a linear dislocation is 


$, (2) = f(z) 7 pA (4) x 


G ‘ 
where D = Tin 3 G is the shear modulus, tt = 3-dy (for plane 


strain) and t= (3-v)/(1+y) - Yor plane stress. In the case of a 
pair of dislocations A and -A which pass through the voints t and 
-t of the real axis, one obtains 


Atz° 
(2°- t°)@ 


At 
ae" (2) = - 4D 
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tions in a Plane with a 
pressed by 


x 
V(x,+ 0) ~ v(x,~ 0) = A(x) - ( A(H)At (RE Ix} C4) (g) 
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The function a(t) = 
dislocations, 
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Substituting (10) in (9), one obtains 
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2 “nn 8) + & £6) (1K Ec aK) 
n= 


For (11) to hold, it is necessary that 


D Age = 
n=0 


(13) 


The quantity, » 


Y which the len th of th 
R(Va~ 1) ( 


€ crack can be found: 
» is determined by (13). the coefficients a, are found 
by means of a System of (m+1) equations. 


This system in conjunction 
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with (13), yields r/o, (0, being the constant stress between the 


Sides of the cracks which attract each other), Thus, an approxin- 
8 obtained between the length of the crack, the 
cation density-distribution, The maximum distan- x 
ce between the crack Sides is 


A(R) =-2R 


(74) 
Plots of 1/R versus P/o, and of A(R)D/Ro, versus P/ 0% are shown, 
These graphs are used for determining the critical load Py at which 
fracture occurs, Depending on OD/Ro.,, the critical load varies be 
1 : u 
tween ZI LPL LG With a given constant b, (80/0) Dy? 5% with 
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large R, and Py> 9%) with RDO. There are 3 figures and 5 Soviet- 

bloc references. 

ASSOCIATION: ie or ta avtomatyky AN UkrRSR (In- 
the AS UbrRan) ence of Machines and Automation of 

PRESENTED: by Academician H. M. Savin of the AS UkrRSR 


SUBMITTED: June 22, 1961 
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-. “Wheoretical and experimental investigation of elastic-plas- 


Bi ™Meordya plastin 4 obolochek; trudy II Vsesoyuznoy. konfe= 
oo, penteil, L'vov, 15-21 sentyabrya 1951 g. Kiev, Izd-vo 
"AN USSR, 1962,'196-199' a aa a 


EXT; | 


“The elastic-plastic deformation is reduced to the deforma- 2 
ion of an ideal’ elastic body whose displacements are discontinuous. --~- -- 
‘on certain surfaces. With’the aid of this model the guthors solve : 
the problem of an infinite plate with a Slot, subject to forces 
“- perpendicular to the slot. N. I. Muskhelishviili's method is used. 
(«The critical load is found to be Vii 2/ .) multiplied by critical 
-- atress. The experiments, carried eat on steel plates, gave results 
|... colaciding with: the theoretical data in the initial ¢tages except 
vin the i dad. There are 2 figures,  _—_.' 
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B104/8186 
AUTHORS 1 Leonov, Me Yas, Academician AS KixSSR, Vitvitskiy, Pe Me» 
.  anmanell 
Yarema, S. Ya 
TITLE: Gliding strips occurring due to the stretching of plates 


. ‘having crack-like concentrators. 
‘PERIODICAL: Akademiya nauk SSSR. Doklady, -v- 148, no. 3, 1963, 541 - 544 


TEXT: Thin plates (200+ 300 mm) made of soft sheet steel that has crack-like’ 
stress concentrators in a direction perpendicular to the concentrators pro- 
duced by cutters are stretcned. The gliding strips could be opserved by ey& 
Four stages of deformation were estbalished: 1) A stage of incubation with 
no plastic deformation occurring; 2) the stage, which is characteristic of 
the first appearance of mat spots at the ends of the cracks} 5) the stage, 
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that start from the end of the crack and make an angle of 47 - 54 with the 
avis of the concentrators; 4) the stage, which is characteristic of the 
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ey band. The results of an analytic investigation of the stages using 
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ABSTRACT: The phase diagrams of the binary systems MoSig - ReSiy and WSig ~ ReSig 
and the ternary system MoSig - WSi, - MeSio (where Me = Ti, V; Nb, Ta, or Cr) were 
determined. The nature of the solid phase was determined by x-ray and microstructur 
methods. The experimental results are presented in graphs and tables (see Fig. 1). 
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